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Introduction
Of the three main areas of science studies that emerged after WWII (Kawalec, 2018) : social studies of science, economics of knowledge and scientometrics, it was the latter that gained particular prominence in science policy around the 1990's with the advent of New Public Management (Pollitt et al., 2007) . The social models of science development were largely inspired by Thomas Kuhn's idea of normal science carried on within a given research paradigm and disrupted by revolutions resulting in discontinuous changes as elaborated in The structure of scientific revolutions (Kuhn, 1962 (Kuhn, , 1970 . It gave rise to a number of social models of knowledge creation (e.g. academic capitalism, Mode 2, triple-helix and science finalization) (Kawalec, 2017a) . As scientometrics focused on quantitative analysis of citations as the major component of the indicators of scientific performance it has gained prominence in the 1990's with the advent of New Public Management in science and innovation policies (Pollitt et al., 2007) . Economics of scientific knowledge analyzes its contribution to economic growth in explaining the residual of labor and capital (Andersson, Johansson, Karlsson, & Lööf, 2012; Carlsson, Ács, Audretsch, & Braunerhjelm, 2015; Gomułka, 1990) . In contrast to the social models, scientometrics and economics of scientific knowledge implicitly presume a straightforward cumulative progress in science (Fochler, 2016; Merton, 1988; Price, 1976) . In my paper I challenge this assumption and argue that the emergence of breakthrough topics in science is preceded by a sequence of transformation phases (van den Ende & van Marrewijk, 2014) which are continuous with the previous stages of scientific development. Small et al. (2014) , using a quantitative analysis of citations and co-occurrence in a large dataset of scientific publications, determined a list of topics which emerged in 2007-2010. It includes "microRNA&cancer" as the most important emergent topic in molecular biology as one of the most dynamically developing disciplines within life sciences (Avise, 2014) . I examine this example in more detail to demonstrate that the proposed determination of transformation phases complements the quantitative analysis of big data used in Small et al. (2014) with ontological and theoretical understanding of the dynamics and, in effect, it leads to a more adequate characterization of the topic itself as well as a more precise identification of the source publications. The proposed method of transformation phases, however, uses a more complex (meso-level) unit of analysis (i.e. "research routines") instead of citations and co-occurrence of single publications (micro-level) and it also integrates quantitative with qualitative analyses. The paper is organized as follows. Section 2 outlines the theoretical framework of the analysis of transition phases in terms of the HDV SR generative model of scientific knowledge. Section 3 discusses the mixed-methods research design adopted for data collection, analysis and interpretation. Section 4 presents the reconstruction of the transition phases in the emergence of microRNAs as a new research routine in molecular biology. Section 5 discusses the implications for an automated identification of emerging topics in bibliographic data on breakthrough research.
Theoretical framework
The creation of scientific knowledge is a recurrent topic at least since the publication of Francis Bacon's New Organon intended to complement Aristotle's syllogistic logic of demonstrative science (de Haas, Leunissen, Martijn, & Ebbesen, 2015; Salmieri, Bronstein, Charles, & Lennox, 2014) . While a substantive epistemological account of the process of knowledge creation is still missing in the literature, it is often assumed to be a stochastic process (Simonton 2013) . Recently, several studies have attempted to cast it in terms of the blind variation selective retention (BV SR) model (Campbell, 1960; Nickles, 2016; Simonton, 2011) . The same kind of model was also used to explain the generation and adaptation of habitual social behavior using symbolic representations (Howard-Grenville, Rerup, Langley, & Tsoukas, 2016, p. 10; Miner, Ciuchta, & Gong, 2008:157) . A general shortcoming of these applications, however, is that BV SR modeling "understates the role of recombination, and it also understates the role of agency, intentionality, and design" (Pentland & Jung, 2016:98) .
In response to these shortcomings I modified this model capturing the role of heuristic strategy in the process of variation (using the acronym HDV SR after 'heuristics-driven variation' and selective retention) (Kawalec, 2017a) . Roughly, there are basically two kinds of research strategies in HDV SR that research teams can follow: novel and breakthrough.2 Novel research presumes an existing clustering of objects and seeks to establish new relationships among them. Breakthrough research, in contrast, seeks to expand the existing clustering with a new kind of object(s). These two strategies are assumed to follow two different stochastic processes, known as the Chinese restaurant process and the Indian buffet process (Pitman, 2006) .3 For the new clustering of objects to be stabilized for use in further novel research it undergoes a series of conceptual and empirical transformations (resulting mostly from a development of new measurement techniques), manifested as transition phases, oriented towards empirical grounding (Böhme, Daele, Hohlfeld, Krohn, & Schäfer, 1983; Callebaut, 2012; Kawalec, 2017b; Psillos, 2014; van Fraassen, 2014) . These transformations, when successful, establish a new research routine -a recognizable, repetitive pattern of interdependent actions of a scientific community sharing a symbolic representation (Bacharach, 2006; Cohen, 2007; Winter, 2013) . Each case of an enactment of a research routine in a research process constitutively involves heuristics-driven hypothesis formation and thus leads to a variation (Collins & Evans, 2002; Feldman, 2016; Feldman, Pentland, D'Adderio, & Lazaric, 2016; Latour & Woolgar, 1986 ) whose level of novelty depends on the heuristic strategy adopted. Thus, the examination of transition phases provides a more ontologically and theoretically adequate characterization of the dynamics of research routines than the straightforward cumulative model. While retaining the continuity of knowledge development in science, it attends to transformations emphasized by the social models of science dynamics (Ankeny & Leonelli, 2016; Böhme, Daele, & Krohn, 1976; Devlin & Bokulich, 2015; Fochler, 2016; Latour & Woolgar, 1986; Leydesdorff, 2000; Marcum, 2015; Merton, 1988; Nowotny, Scott, & Gibbons, 2001; Price, 1976) . The discontinuities in the progress of science emphasized in the social models, however, seem to be an artifact of using too coarsegrained (macro-level) of categories, such as 'paradigms' which are incapable of tracking the intermediate steps between two 'paradigms'. In contrast, research routines as a more fine-grained (meso-level) unit of analysis manifest a transformative dynamics which, however, preserves the continuity with the preceding stages of science advancement. In order to examine in some more detail the evolution of breakthrough transformations of microRNAs as a new research routine I apply the methodology used in the studies on transition phases in routinized behavior. The initial studies on "rites of passage" (Turner, 1969; van Gennep, 1960) focused on the "liminal" phase which separates the two stages between the transition. In the present study the liminal phase is understood as the transformation period when expectations derived from the initial fabric of knowledge are conceptually and theoretically transformed to achieve empirical grounding and to stabilize a new research routine centered on an innovative symbolic representation. Previous studies suggest that breakthrough changes in social routines can occur in a stepwise manner (Howard-Grenville, Golden-Biddle, Irwin, & Mao, 2010) without instant revolutionary or paradigmatic transformations. Hence, the detailed examination of the transition phases in an emergent research routine can enhance our understanding of the intermediate forms of dynamics of science development.
Methodology
Evolutionary models (like HDV SR) characteristically assume path-dependence of the subsequent stages of development. In the present case this leads to the requirement to use qualitative analysis to capture the domain-specific knowledge as best represented by the authors' own understanding of path-dependence, besides the use of the standard quantitative analysis of citations and co-occurrence of publications. To meet this requirement an iterated concurrent mixed-methods research design (Chen, 1997; Edmonds & Kennedy, 2017; Hesse-Biber & Johnson, 2015; Kawalec, 2014 Kawalec, , 2016 was implemented in the present study (see Figure 1) . The concurrent setup enhances interactivity between the qualitative and quantitative strands of investigation which is critical in the reconstruction process of the two-dimensional dynamics of research routines (Caracelli & Greene, 1997; Carroll & Rothe, 2010; Edmonds & Kennedy, 2017; Kawalec, 2014 Kawalec, , 2016 Lieberman, 2005; Pearson et al., 2015) . The overall research design is presented in figure 1.
QUALITATIVE QUANTITATIVE
Input: "microRNA&cancer" as an emerging topic (Small et al. 2014) Objective: identification of a breakthrough research 2) Examination of prospects of automated discovery of emergent topics in breakthrough research. The objective of the first data collection and analysis step was to obtain the main characterization of microRNAs research as a case study of breakthrough research in life sciences. The qualitative strand embraced the analysis of the research team self-reports on microRNA discovery (esp. Gitschier, 2010) , including review papers (Ambros, , 2003 (Ambros, , 2004 (Ambros, , 2008 Lee & Ambros, 2001 ) and unpublished reports in Worm Breeder's Gazette. It also included the analysis of the structure of the relevant MeSH descriptor tree to identify semantic and phraseological variants of "microRNA" and the relevant domain headings ("RNA, Untranslated" and "Nucleic acids"). The quantitative strand used the MeSH variants of the "microRNA" descriptor to collect data in the project datasets (NIH, NSF) and publication dataset (MEDLINE) whose advantage is the MeSH ordering and comprehensiveness (esp. citation data, two separate lines of keywords, grant identification and PubMed interface functionalities such as trending papers). The pilot study on projects and the resulting publications of the main authors, namely Victor Ambros and Gary Ruvkun, determined the relevant 1) fields of research ("genetics" and "biotechnology"), 2) funding agencies (NIGMS and NIBIB) and 3) types of NIH research projects (R01 and R21). This allows us to focus on the subsequent stages of the present investigation on the relevant kinds of basic research, where the breakthrough research on microRNA took place, and set it apart from the areas of applied research, where the outcomes of the microRNA discovery were subsequently applied, especially to study diagnosis and treatment of human diseases. In the case of Amos and Ruvkun it turned out that both criteria (funding agencies and types of research projects) converged on basic research alone. The next step in data collection and analysis (see figure 1 ) was focused on identification of the transition phases in microRNAs research. The outcomes of the previous step were utilized to filter the data. In the qualitative strand the review papers and the key publications of the microRNA discovery period were analyzed Ambros & Horvitz, 1984 , 1987 Lee, Feinbaum, & Ambros, 1993; Liu & Ambros, 1989; Pasquinelli et al., 2000; Ruvkun et al., 1989; Wightman, Ha, & Ruvkun, 1993) . In the quantitative strand two kinds of datasets were constructed: 1) NIH and 2) MEDLINE. Their construction reflects the meso-level approach to structuring of the micro-level data on publications. The NIH datasets were constructed in order to test for stability of the purportedly emergent research routine as based on microRNA representation in molecular biology. The NIH data on the type of research projects analyzed here include projects which are continuously financing the research laboratories in molecular biology in the USA and provide evidence to test the stability of research routines in this domain. Two NIH datasets were constructed for the period 2008-2016. First, to construct the NIH-induced publications dataset the list of relevant projects was extracted from the NIH dataset using the criteria for field of research, funding agencies and types of projects identified in the pilot study (excluding active projects). The list was then filtered to determine 7550 unique project titles and IDs and publications from the MEDLINE database were retrieved for each project to form the NIH-induced dataset of 150 801 papers. The other dataset NIH-projects was retrieved from the NIH dataset using the set of unique project numbers (28 346 items). The project abstracts were coded for microRNA, lnc RNA and noncoding RNA using MeSH synonym list. In the case of the MEDLINE dataset the domain-specific knowledge was used in the mesolevel structuring to retrieve the most relevant datasets of publications. Thus, two datasets were constructed: one for "RNA, Untranslated" (RNA UTR) as the MeSH descriptor (131 000 papers) and the other for "Nucleic Acids" (NA) (1 305 000). "Genetics" as a possible MeSH descriptor was discarded as the overlay analysis (215 000 papers) revealed that the clustering is determined by meta-categories (related to discipline rather than object-matter representation) as presented on figure 2.
However, the NA dataset was used in the analysis of the potential of an automated discovery of the mircoRNA category in keyword analysis. The Genetics dataset was used to determine the list of trending papers and then to extract from them the author keywords. This trending keyword list was then applied to filter the keyword list from papers in cluster one (containing microRNAs) as derived with Pajek from the NIH-induced dataset. The results are discussed in section 5 concluding the paper.
The RNA UTR publications dataset for 2001-2016 was used in the clustering analysis of citation data to produce the co-citation cluster presented in figure 3. The lists of author and MeSH keywords in RNA UTR were extracted and on the basis of overlay analysis (VOSviewer) the usefulness for further analyses of the former was confirmed. Thus, the complete author keyword list was extracted (16 500 items) and filtered down to 9957 (against the frequency threshold of 5). On the basis of a MeSH descriptor tree (specifying the synonyms for "microRNAs" and "long noncoding RNAs") these were coded into three (nonexclusive) categories: "microRNA", "long noncoding RNA" and "noncoding RNA". Apparently, there is some discrepancy between those three terms as the characteristic feature of microRNA particles (common to the majority of multicellular organisms) is their regulatory function, while the name itself reflects its structure. In contrast, "long noncoding RNAs" which is a complementary category to microRNAs (as specific to humans), reflects both the function and structure. So, this part of analysis was to test whether the apparently more general category of "noncoding RNA" which reflects the key function has dominated the original "microRNAs" representation and also to determine the relation between the (older) microRNA and the (newer) long noncoding RNA routines. To determine the stability of "microRNA" against the emerging category of "long noncoding RNA" its induced category of "noncoding RNA" abstracts of papers in the RNA UTR dataset covering the relevant period 2010-2016 were indexed in an analogous way for the three categories. The clustering of the RNA UTR datasets was performed separately for "microRNA" and "lnc RNA" resulting in more dense clustering for microRNA (respectively 5 vs 44 clusters). This result indicates that the former category is quite stable and has not yet receded into noncoding RNA nor been replaced by lnc RNA (which is more relevant for research on the less evolutionary conserved genetic mechanisms in humans and primates).
The RNA UTR dataset was used to identify the complete set of citations on microRNAs (390 000) and long noncoding RNAs (69 000) for 2002-2016. The yearly average citation number was calculated for each group of papers and the top 1% of citations, and this was used to test the earlier identified transition phases. The transition phases determined as the outcomes of the steps one and two of the mixed-methods research design (see Figure 1) were then interpreted against the broader background of paradigms and milestones identified by experts in the development of the most relevant discipline of molecular biology. 
Identification of the intermediate steps in the process of emerging miRNAs as a new routine in molecular biology
Among the emergent topics in science in 2007 -2010 (Small, Boyack, & Klavans, 2014 list "microRNAs&cancer" as triggered by the publication of Volinia et al. (2006) and detected by their discovery method with a three year lag (2009). This is a remarkable achievement in automated discovery of emerging topics in science using large datasets of publications (Li, Porter, & Suominen, 2017; Zeng et al., 2017) , but it also has some limitations. Apart from the problem of the transparency of the method used for the identification, the topic is itself a hybrid of a "genuine" topic (basic research on "microRNAs") with a particular area of its application ("cancer"), while the triggering publication does not seem to be best positioned and novel as its authors explicitly admit that they build on their earlier work and use the same method as in previous rounds of research (Volinia et al., 2006 (Volinia et al., :2258 .4 The following reconstruction of microRNAs will make those points more clear. Let me turn now to the emergence of microRNAs as a new routine in molecular biology. The periodization of the initial phases seems rather natural with less obvious cutting points at the later stages as the research on noncoding RNAs is still a very active and dynamic field of research (Tripathi, Chakraborty, & Varadwaj, 2017) . So, the rather obvious preceding phase covers the periods of development of molecular biology up to 1984; then the preparatory phase follows 1984-1992, while the publication of the landmark paper (Lee et al., 1993) and its counterpart (Wightman et al., 1993) opens the next period (see figure 3 ) concluded by the series of papers coining the new term "microRNA" in 2001 (Brown & Duguid, 2001; Lagos-Quintana, Rauhut, Lendeckel, & Tuschl, 2001; Lee & Ambros, 2001 ). (Bentwich et al., 2005; Brennecke, Hipfner, Stark, Russell, & Cohen, 2003; Lagos-Quintana et al., 2001; Lau et al., 2001; Lee & Ambros, 2001; Lee et al., 1993; Pasquinelli et al., 2000; Reinhart et al., 2000; Wightman et al., 1993) .
The next phase ends around 2004/2005 with the publication of highly cited papers, especially reviews (see table 1 and figure 4) and with the publication of the outcomes of the Human Genome Project (Human Genome Sequencing Consortium, 2004) . 2006 opens the era of next generation sequencing (NGS), which paved the way for exploration of, among others, long noncoding RNAs (lnc RNAs) (Bhan, Soleimani, & Mandal, 2017; Khalil et al., 2009; Marioni, Mason, Mane, Stephens, & Gilad, 2008; Park, 2009; Ranzani et al., 2017) . Guttman et al. (2009) , by using the NGS techniques, provided solid evidence that they are functional -against the skepticism derived from the fact that they do not show the same pattern of evolutionary conservation compared to protein coding genes and other noncoding RNA classes (Ranzani et al., 2017, p. 174 ) -and thus paved the way for intense exploration of lnc RNAs and epigenomics studies of ncRNAs. Source: The ranking is based on an analysis of citation frequency of papers in PubMed under the MeSH key "RNA, Untranslated". The numbers in brackets correspond to the rank of the paper among the top 20 most frequently cited papers on microRNAs and long noncoding RNAs (the two lists do not overlap).
The publication of the then most complete human lncRNA annotation by the GENCODE consortium of the ENCODE project (Derrien et al., 2012) seems to mark a new phase of intense research on lnc RNAs as also evidenced by the increase of the average citations for microRNAs and the rapid increase in the case of papers on lnc RNAs (figure 4). Thus, we obtain the following eight phases in the emergence of the routine (Grimes, 2013 The first two phases embrace major conceptual and empirical advancements in biology (Avise, 2014; Harper, 2008; Kung, Colognori, & Lee, 2013; Mattick & Rinn, 2015) which are used in the characterization of RNA structure and functions, in particular to model the gene regulation mechanism. Victor Ambros whose research laboratory is credited with the discovery of microRNAs in 1993 (Lee et al., 1993) , started his work back in 1984 as a post-doctoral fellow in Robert Horvitz's laboratory. This was the same laboratory where Ambros started to collaborate with Ruvkun (Gitschier, 2010) . The first discovered microRNAs was the lin-4 gene of the nematode C. elegans, which later in 2000 was recognized as a member of a distinct class of noncoding RNAs that are evolutionarily conserved among a wide range of species Lee & Ambros, 2001; Pasquinelli et al., 2000) . In view of the importance of microRNAs in gene regulation, a number of studies followed attempting to identify different kinds of molecules with a particular focus on development and disease. Although the first papers concerning the role of microRNAs in tumor studies appeared soon thereafter (G. A. Calin et al., 2002) , the intensification of this line of research has lagged as identified by Small et al. (2014) . The advent of NGS techniques brought concomitant evidence in the sense of van Fraassen (2009 van Fraassen ( , 2014 , with the massive exploration of lnc RNAs as a class of ncRNAs with a different evolutionary conservation (Ranzani et al., 2017) and also a plethora of other small ncRNAs (Tripathi et al., 2017) . The identification of regulatory mechanisms in which microRNAs take part (Lee et al., 1993; Wightman et al., 1993) and the recognition of its general nature as widely evolutionary conserved has established the microRNAs category (the name explicitly coined in 2001: Lagos-Quintana et al., 2001; Lau, Lee, Weinstein, & Bartel, 2001; Lee & Ambros, 2001 ) as a routine stabilizer. By categorizing microRNAs as a "routine stabilizer" I mean first that they were recognized and adopted by the research community as a new class of RNAs, besides messenger, transfer and ribosomal RNAs (Avise, 2014) . The new function exhibited by microRNAs was not a simple prediction or extrapolation based on the previous knowledge. Instead, it was a transformation of expectations derived from the fabric of knowledge which involved new conceptualization and empirical research , Ambros & Horvitz, 1984 , 1987 Lee & Ambros, 2001; Lee et al., 1993; Liu & Ambros, 1989; Pasquinelli et al., 2000; Ruvkun et al., 1989; Wightman et al., 1993) . The initial research on heterochronic mutants of the nematode C. elegans (Ambros & Horvitz, 1984) focused on identification of the genetic control mechanism of temporal patterns of development. Nonetheless, it revealed that there is a relation between the heterochronic genes lin-4 and lin-14 as both kinds of mutants display a similar pattern of "retarded" development in comparison with the wild-type. However, at the subsequent early stages of research focused on lin-14 with less focus on its relation to lin-4 (Ambros & Horvitz, 1987) . A closer inspection of "the timing of events in diverse cell lineages (including hypodermal, muscle, and intestinal lineages) at all four larval stages", however, has revealed that there is a tight connection between lin-4 and lin-14, while the other two genes identified initially (lin-28 and lin-29) "affect only a subset" of those events (Ambros, 1989:49) leading to the expectation that there is some kind of hierarchy between those four genes: "are lin-4 and lin-14 'general temporal control' genes responsible for the elaboration or reception of temporal information for diverse cell types, and are lin-28 and lin-29 more specialized genes involved in the responses of specific cell types to that temporal information?" It was thus natural to resolve this question regarding the relation between the four genes by epistasis analysis: "By comparing the phenotypes of multiply mutant animals to single mutants, one can infer dependent or interdependent functional relationships among genes contributing to the same developmental event" (Ambros, 1989:49) . The advantage of this method, as emphasized by Ambros and used in many previous studies, was that it did not presuppose any molecular mechanism behind the gene interactions at the timing of the "larva to adult switch" in nematode development. Ambros also observed that during the switch "lin-4 inhibits lin-14" (Ambros, 1989:50) , but without yet specifying the underlying molecular mechanism. The findings are summarized in a model of the functional relationships among lin-4, lin-14, lin-28 and lin-29 (figure 5), which identifies the asymmetric temporal relation between lin-4 and lin-14 (panel a on figure 5) and their negative correlation (panel b figure 5 ). This was a transformation (reconceptualization) of the earlier research problem oriented by the expectation of the relation between a single gene (lin-14) and heterochronic mutations of C. elegans. This resulted in the claim that there is a (negative) regulatory mechanism between lin-4 and lin-14: "The elevation of lin-14 activity by a mutation that reduces or eliminates lin-4 function (e972) would suggest that the wild-type lin-4 product is a negative regulator of lin-14" (Ambros, 1989:54) . Further studies explored this regulatory mechanism, leading eventually to the discovery of lin-4 as the first microRNA. So, Liu & Ambros (1989) use epistasis analysis taking into account two kinds of lin-14 mutations identified earlier: loss of function (lf) and gain of function (gf) and "two different processes of dauer larva formation: (1) a decision specifying the larval stage at which dauer larva development initiates, and (2) the specialized differentiation of hypodermal cells during dauer larva morphogenesis". This results in an important modification of the functional model (figure 6), with a direct link between lin-14 and the first process of dauer larva development initiation. This link was further explored at the molecular level by introducing a new technique called "parallel restriction fragment length polymorphism (RFLP) mapping" (Ruvkun et al., 1989) . This technique together with Southern blotting led to the identification of DNA lesion associated with the gene lin-4. The results of parallel research at Ruvkun's laboratory established that the lin-14 3ˈUTR is the regulatory element of the LIN-14 protein (which disappears at later stages of development starting with L2) and that levels of "the temporal decrease of the LIN-14 protein requires lin-4 in trans and lin-14 3ˈUTR sequences in cis" (Lee et al., 1993:43) . The expectation thus arose that the translation of lin-14 mRNA is inhibited by lin-4 product via lin-14 3ˈUTR. Research at Ambros's laboratory determined that lin-4 product is not a protein and that lin-4 transcripts are complementary to a sequence in 3ˈUTR of lin-14 regulating lin-14 translation by an antisense mechanism.
To establish lin-4 as a new kind of RNA, as a "routine stabilizer", in view of its regulatory function and structure (approximately 22 nt long), several subsequent elaborations -both conceptual and empirical -were needed. The theoretical elaborations are based on the Fire and Mello model of double-stranded RNA-based RNAi regulatory mechanism and its use in the silencing process in plants as demonstrated by Baulcombe. The empirical elaborations derive from Ruvkun's laboratory work on another microRNA let-7, which -in contrast with lin-4 -turned out to be widely conserved evolutionally. These further transformations established microRNAs as a new class of RNA molecules with distinct function and structure, which is reflected as a routine stabilizer (figure 7).
The description of microRNAs as a "routine stabilizer" also indicates that it has been included within the previous fabric of knowledge and itself forms the basis of new expectations, such as, for instance, a role played in the process of tumor formation in humans (George A. Calin & Croce, 2006; Esquela-Kerscher & Slack, 2006) . Routine stabilizers -due to a subsequent revision of conceptual framework or because of the social dynamics of routine enactment -may later be reorganized, dropped or discarded. A likely reorganization in the discussed case may concern the category of "untranslated region" in favor of "noncoding" as the latter is more relevant to the recently emerged focus on functional rather than characterization of RNAs (figure 8).
There are several characteristic indicators that microRNAs indeed has emerged as a new and institutionalized social practice aspect of the routine in molecular biology. As a first approximation we may use the expanding number of papers on the topic (see figure averages) in the most prestigious journals (such as Nature, Science, Cell, etc.) with approximately a 7% share in the number of publications on nucleic acids and a dedicated journal MicroRNA established in 2012 (Bentham Science). There is a growing number of books devoted to microRNAs (figure 9). (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) . Occurrences of the three categories in project abstracts. Analysis of project abstracts (28 261 projects with 7550 unique ID numbers) coded using the MeSH synonyms for "microRNAs", "long noncoding RNAs" and "noncoding RNAs". Next, the MeSH catalog of the PubMed database has included it as a descriptor in 2003 (http://meshb.nlm. nih.gov/). It has also been included in popular textbooks (for instance, it made its first appearance in 2005 in a textbook on biology : Campbell, Neil A. & Reece, 2005) , program training and as a new subdiscipline (an exclusively dedicated program on microRNA biology was created first in 2017 at the John Hopkins University; see: apps.pathology.jhu.edu/mirnaprogram). Since 2002 there is also a growing number of databases on microRNAs which -together with comprehensive maps such as the microRNA atlas (de Rie et al., 2017) -play an important role as artefacts in routine stabilization (Cacciatori, 2012; D'Adderio, 2008; Miettinen, Tuunainen, & Esko, 2015) .
Implications for searches on emergent topics
There is a growing interest in automated discovery of emerging topics on the basis of scientometric analysis (Börner, Boyack, Milojević, & Morris, 2012; Li et al., 2017; Salatino, Osborne, & Motta, 2017; Small et al., 2014; Westgate, Barton, Pierson, & Lindenmayer, 2015) . This section, on the basis of the epistemological background presented in section 2 and the empirical results obtained in the present research, indicates some principled limitations of this kind of discovery. After the identification of the transition phases in microRNA research I undertook an attempt at identification of this line of research as an emergent topic in the relevant fields. RNA UTR database of publications, described in section 3, was used as the most relevant given the dependence captured by the MeSH descriptor tree. MeSH as the source of a keyword list is presumably the best available (Siqueiros-García, Hernández-Lemus, García-Herrera, & Robina-Galatas, 2014; Zeng et al., 2017) in terms of comprehensiveness, uniformity, maintenance, updating, back-indexing and change notification. However, as a tool for emergent topic discovery it turned out to be very limited in the research on microRNA. The most frequently used MeSH terms with the highest co-occurrence scores are general terms like "humans" or meta-descriptors like "genetics". Moreover, in the case of microRNAs there is a particular "lock-in" kind of phenomenon with regard to "RNA, UTR" as the topic heading. It is a structural characterization which may seem not fully consistent with the more recent line of research on lnc RNAs, which is focused on the functional characterization of RNA ("noncoding" vs "untranslated"). The Cambpell textbook or (Avise, 2014) synthetic account clearly reflects this difference in favor of "noncoding" as the most general relevant descriptor. The most useful feature of the MeSH descriptor tree, however, is the identification of keyword synonyms (26 were identified for "microRNAs", "lnc RNAs" and "noncoding RNAs").
The author keywords, which are separately coded in MEDLINE, turned out to be more object-oriented than MeSH. So, the list of author keywords more directly reflects the systems of symbolic representation which are used in a given paper than MeSH keywords (see figure 10) . There are several recognized problems with author keywords (Arbesman, 2011; Börner et al., 2012; De Langhe, 2017; Reale et al., 2017; Rotolo, Rafols, Hopkins, & Leydesdorff, 2017) . To disambiguate the author keywords, they were automatically coded using the MeSH synonym list. The remainder keyword list for cluster 1 of the RNA UTR dataset (134 items) (figure 11 panel a) was analyzed against the MeSH descriptor tree to filter only the relevant terms (87 items were filtered out as non-occurring, general or meta-level). In order to identify microRNAs as the relevant representational category, however, further analysis was needed (see figure 11 panel b) . The next step in filtering the list was based on the keyword list from the NA dataset (1 340 000 papers) for trending papers (PubMed functionality). Only after this step, the overlay analysis was able to include microRNAs as one of the key categories in symbolic representation for RNA UTR (figure 11 panel c).
Discussion
The new scientometric analysis of big data delineate important macro-level changes in science. They need, it seems, a theoretical underpinning in order to explain and understand the mechanism behind the observed dynamics. Apparently, Kuhn's theory of paradigms is too coarse-grained to provide a satisfactory account as its implied discontinuity of scientific progress and rationality have turned out to be demonstrably inadequate with regard to his own favorite historical examples (Devlin & Bokulich, 2015; Marcum, 2015) . The present study indicates the potential of a meso-level category of research routines and their induced transition phases as an ontological and theoretical background for large-scale scientometric analyses. It gives substance to the cognitive dynamics of the observed progress in terms of the empirical grounding of expectations derived from previous knowledge as contrasted with the social and economic mechanics of knowledge production. The present study focuses on an emergence and stabilization of a single research routine. A further study is needed to investigate how this connects with the other stabilized routines in a given domain to better understand the process of the growth of scientific knowledge. Avise (2014) provides a macro-level description in evolutionary genetics as, perhaps, a starting point for such an analysis. Of course, routine dynamics is much more complex than presented here, including a routine decline, rejection and competing alternatives. Moreover, the dynamics of knowledge advancement requires not only the study of cognitive, but also institutional dynamics of routines. Presumably, there are significant differences between the kinds of research routines among natural sciences that may limit a generalization of the proposed approach to the other domains. One obvious difference concerns the way symbolic representations are constructed. For instance, in the case of physics the fundamental and universal laws play the constitutive role while in biology and chemistry the symbolic representations are most often constructed in a piece-meal approach. It remains for a further study to test whether the proposed approach is applicable only to the latter kind of research practices.
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Figure 11. Overlay map for author keyword filtering in cluster 1 (microRNA) for papers classified under "RNA, untranslated". 
